Abstract: Pulvinic acid derivatives are considered as worthy to be evaluated as skin protection factor toward ultraviolet-induced damages because of their colors and locations in lichens. Due to the lack of literature about photo-protective features of pulvinic acid derivatives, their cosmetic potentials for skin protection were evaluated in silico, for the first time. Computational chemistry, biology and pharmacology platforms such as Gaussian, GAMESS, PASS, PaDEL-DDPredictor and VEGA QSAR platforms were employed to determine the activities of pulvinic acid derivatives. Pulvinic acid derivatives were divided into three groups as the most promising, promising and unpromising compounds according to the calculated p-values. Although leprapinic acid, demethylleprapinic acid, pinastric acid, leprapinic acid methyl ether, 4-hydroxyvulpinic acid and vulpinic acid were determined as the most promising compounds, epanorin and rhizocarpic acid were identified as promising compounds. The proposed model seems to be reliable because the calculated p-value for vulpinic acid was found to be compatible with previously obtained experimental results. The pulvinic acid derivatives that were identified as the most promising ones should be therefore further studied by in vitro and in vivo multiple experiments.
INTRODUCTION
Lichens are known as ecologically obligate associations between photobionts that transfer and release necessary carbohydrates such as ribitols, erythritols or sorbitols, and mycobionts that provide a humid and safe environment [1, 2] . Lichens have adapted to live in almost every habitat on the planet including the extreme ones such as high mountains, dry deserts or the Polar Regions, where the depletion of the ozone layer is dramatically higher [3] . Moreover, lichens are considered as the pioneer organisms on rock surfaces, dead woods, living barks of trees, animal bones, and even on the man-made surfaces such as rusty metals or the surfaces of the medieval buildings where are also dramatically exposed to ultraviolet rays [4, 1] . Lichens have achieved to live under the intense ultraviolet rays by using a series of adaptation mechanisms such as the membrane and macromolecule repair systems, antioxidant defense, thermal dissipation, light scattering and radiation screening [5] . The adaptation of lichens to the extreme conditions seems to be also connected to their secondary metabolites (ca. 1000) that are mainly synthesized by the fungal partner of lichen association and produced by depending on the environmental stress factors such as temperature fluctuations, drought, excess light or ultraviolet rays [6] [7] [8] . Pulvinic acid derivatives are considered as potential photoprotective substances due to their chemical structure, having an oxolane-carbonyl chromophore unit, present ultraviolet (UV) profiles characterized by two absorption bands with a high absorption coefficient, and their locality in the lichen thalli where are the most exposed parts of lichens to ultraviolet rays [5] . Moreover, it is known that biosynthesis rates of pulvinic acid derivatives, e.g., calycin or rhizocarpic acid, are increased with the increasing levels of ultraviolet radiation [9, 10] . Although the similarity is a fundamental concept that has been used for more than two centuries in the sciences, perspective of structure-activity relationships in medicinal chemistry has been started to emerge as a central paradigm and distinct discipline in the late 1990s [11] [12] [13] . According to the perspective of structure-activity relationships that can be defined as the application of mathematical and computer models to predict biological activity depending on its chemical structure, similar molecules should also display similar biological activity [13] . The perspective of structure-activity relationships is a rapidly developing and widely accepted discipline because it has provided research and development (R&D) budget-and labor-saving feature for the screening of the vast variety of compounds [14] . In this research, we would like to investigate the photoprotective potential of pulvinic acid derivatives by using a combination of computational models because there is an increasing interest of scientist and great need to discover new natural photoprotective substances from certain organisms, including lichens, and the photoprotective capacity of pulvinic acid derivatives is considered as worthy [15] [16] [17] 5] .
MATERIAL and METHODS
Chemical structures of pulvinic acid derivatives that are composed by calycin, epanorin, pinastric acid, rhizocarpic acid, leprapinic acid, leprapinic acid methyl ether, demethylepropinic acid, pulvinic acid, pulvinamide, pulvinic acid lactone, 2-hydroxypulvinic acid lactone, vulpinic acid and 4-hydroxyvulpinic acid were quoted from the book written by Huneck and Yoshimura (1996) and drawn by using Chem3D 17.0 [18] . Vitamin E (α-tocopherol) was used as positive control and the chemical structure was obtained from the PubChem open chemistry database [19, 3] . To identify the optimized geometric and electronic structure of pulvinic acid derivatives, Gaussian 03 software with Hartree-Fock (HF) theory at the B3LYP/3-21G level was employed by ab-initio quantum mechanical calculations based on Density Functional Theory (DFT). Although the experimental ultraviolet/visible spectrum species in methanol were quoted from the book published by Huneck and Yoshimura (1996) , GAMESS software with HF theory at the 3-21G basis set was performed to determine the predicted ultraviolet/visible spectrum species by using the geometrically optimized 3D chemical structures of compounds. Then, PASS (Prediction of Activity Spectra for Substances) online provided by Way2Drug Team was performed to determine photosensitizer, cytotoxic, cytoprotectant, free radical scavenger, antioxidant, irradiation, skin irritation, ocular toxicity, antipruritic and anti-allergic, antibacterial and anti-inflammatory potentials of pulvinic acid derivatives [20] . To determine reactive metabolites forms adduct, skin irritation, serious eye damage, serious eye irritation and eye/skin corrosion potentials of compounds, PaDELDDPredictor software were employed [21] . Additionally, skin sensitization model (CAESAR) 2.1.6 in VEGA QSAR platform was used to identify skin sensitization potentials of pulvinic acid derivatives [22] . After the first p-values ( ) of the compounds were determined for the activities that were mentioned above, the activities were divided into two groups as positive factors and negative factors to be a photoprotective compound and a relative weight as percentage (w) was given for each activity by using previous experimental experience [23, 3] . Then, a positive weighted average value (
) for the positive factors and a negative weighted average value (
) for the negative factors were calculated by using the formula given below. Consequently, a final p-value was calculated by addition of the previously obtained two values.
RESULTS
The two-dimensional (2D) chemical structures and three-dimensional (3D) conformations of pulvinic acid derivatives and α-tocopherol were given in Table 1 . To predict ultraviolet/visible spectrum species of the compounds, GAMESS software was employed and the obtained spectra were given in Table 1 . As can be seen in Fig. 1 and Fig. 2 , the predicted UV/Vis values were generally compatible with the experimentally obtained ultraviolet/visible spectrum species of the compounds in methanol. Although the absorption spectra of pulvinic acid derivatives are generally observed in ultraviolet A and ultraviolet C, the experimental spectra in methanol (MeOH) have displayed that vulpinic acid and pinastric acid could absorb the light within the ultraviolet B wavelength ( Fig. 1 and Fig. 2) . After the UV/Vis spectrum species were evaluated, some protective and harmful activities that are related to skin protection towards ultraviolet rays were computationally evaluated by using PASS, PaDEL-DDPredictor and VEGA QSAR platforms as can be seen in Table 2 . After the data were obtained from in silico platforms, a p-value was calculated for each compound and p-values were framed as a graph for the comparison of photoprotective capabilities of pulvinic acid derivative toward ultraviolet light-induced skin damages (Fig. 3) .
DISCUSSION and CONCLUSION
Nature has been of great importance as a generous source of nutrition, poison and remedy throughout the history of humankind, and the ancient relationship between humankind and nature affects the people's preferences in favor of natural products for drugs, cosmetics and care products [24] . Pharmaceutical industry and cosmetic companies have therefore given more importance and allocated a significant amount of R&D budget to discover active natural products or functional ingredients [25, 26] .
Although the rational and best way to search for potentially active ingredients of cosmetics, drugs and care products seems to be the testing of substances obtained from the natural sources such as plants, animals or fungus, there are some limitations such as costly and/or time-consuming detection processes of the cosmetically and pharmacologically active compounds that are located within these highly structured-organisms due to the complex compound contents of them [27] . Nonetheless, lichens that are defined as a complex symbiotic organisms composed by a photobiont and a mycobiont, which have a tight metabolic relationship with each other, emerge to provide the researchers many advantages by their simple but very active secondary metabolite contents that can be easily isolated by the basic isolation method such as thin layer chromatography [28] [29] [30] . On the other hand, it should be noted that the R&D departments of companies and governments, and researchers would like to prefer R&D budget-and labor-saving alternatives such as in silico biological activity prediction platforms depending on the mathematical relationships of chemical structures and biological activities [13, 14] . In the present study, the photoprotective and destructive activities of lichenoriginated pulvinic acid derivatives were investigated by using different in silico platforms and the authenticity of the obtained data was evaluated, to the best of our knowledge for the first time, by comparing the experimentally obtained data in the literature. Due to the skin protection capability against ultraviolet rays, α-tocopherol was applied as positive control in silico models [19, 3, 31] . The calculated p-values and obtained data from the in silico models showed that pulvinic acid derivatives could be divided into three main groups that composed by unpromising, promising and significantly promising as the photoprotective substances toward ultraviolet-induced skin damage (Table 2 and Fig. 3) . Although pulvinic acid derivatives display ultraviolet profiles qualified by two absorption bands with a high absorption coefficient, some pulvinic acid derivatives such as calycin, pulvinic acid, pulvinamide, pulvinic acid lactone and 2-hydroxypulvinic acid lactone were identified as unpromising photoprotective substances due to their low p-values that were statistically obtained by the negative and positive factors (Table 2 and Fig. 3) . Calycin, pulvinic acid lactone and 2-hydroxypulvinic acid lactone, for example, seem to be the most active photosensitizer substance by the predicted values in PASS platform but they have also serious negative effects such as the adduct formation by reactive metabolites, skin sensitization, irradiation, etc., as can be seen in Table 2 . Thence, the photoprotective and other beneficial effects of these substances are suppressed by the negative activities. In the literature, there are some studies about rhizocarpic acid that is determined in the present study as promising photoprotective substance depending on the calculated p-value (Table 2) [32, 9] . Compatible with our predicted results, Rubio and co-workers (2002) have suggested that the accumulation of rhizocarpic acid in lichens is increased depending on UV-B radiation levels [9] . On the other hand, pinastric acid, leprapinic acid, demethylleprapinic acid, leprapinic acid methyl ether, 4-hydroxyvulpinic acid and vulpinic acid were determined as the most promising photoprotective compounds toward ultraviolet-induced skin damage (Table 2) . Vulpinic acid seems to be most studied one in these significantly promising compounds and previously obtained results showed that vulpinic acid is a good candidate as a photoprotective compounds against ultravioletinduced skin damage by having no significant toxic effects and harmlessly elimination capability of the absorbed energy from the ultraviolet rays [3, 5] . Similarly, the studies about pinastric acid have showed that pinastric acid have an antioxidant, photoprotective and neuroprotective acitivities in a correlation with our in silico data [33, 34] . However, there is no reference about the protective or harmful features of other pulvinic acid derivatives, which have been identified as the significantly promising photoprotective compounds in our in silico data. Consequently, this paper reveals that the mathematical and computer models that have been generated by the perspective of structure-activity relationships provide significantly realistic results though these in silico platforms need to be improved by supporting more data about structure-activity relationships. We therefore think that researchers the computational chemistry, biology and pharmacology platforms such as Gaussian, GAMESS, PASS, PaDELDDPredictor and VEGA QSAR should be employed more to improve the scientific quality and discussion perspective of the produced research papers and projects, and to decrease the necessary R&D budget and workload.
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